In the current study, we examined how the saccadic system responds when visual information changes dynamically in our environment. Previous studies, using the double-step task, have shown that (a) saccade plans could overlap, such that saccade preparation to an object started even while the saccade preparation to another object was ongoing, and (b) saccade plans could be cancelled before they were completed. In these studies, saccade targets were restricted to a few, experimenter-defined locations. Here, we examined whether saccade plan overlap and cancellation mechanisms could be observed in free-viewing conditions. For each trial, we constructed sets of two images, each containing five objects. All objects have unique positions. Image 1 was presented for several fixations, before Image 2 was presented during a fixation, presumably while a saccade plan to an object in Image 1 was ongoing. There were two crucial findings: (a) First, the saccade immediately following the transition was sometimes executed towards objects in Image 2, and not an object in Image 1, suggesting that the earlier saccade plan to an Image 1 object had been cancelled. Second, analysis of the temporal data also suggested that preparation of the first post-transition saccade started before an earlier saccade plan to an Image 1 object was executed, implying that saccade plans overlapped.
Introduction
Our visual environment is dynamic, with information continuously changing. At any one time, there may be several objects competing for the attention of the observer. The eyes move around constantly to extract information from different parts of the visual scene quickly and efficiently. When new information is presented, the visual system needs to shift the eyes rapidly towards the new information.
A large range of saccade latencies in response to target onsets has been reported in the literature, with differences highly dependent on the experimental conditions. For example, the removal of the central fixation point 100-200 ms before target onset was shown to speed up saccade responses to the target (''gap effect"; Saslow, 1967) , to the extent that express saccades with latencies $100 ms have been observed under some conditions (Carpenter, 2001; Fischer & Ramsperger, 1984; Fischer & Weber, 1993) . On the other hand, the presentation of a distractor at some distance away from the target has been found to increase saccade latencies (''remote distractor effect"; Buonocore & McIntosh, 2008; McSorley, McCloy, & Lyne, 2012; Ross & Ross, 1980; Walker, Deubel, Schneider, & Findlay, 1997; Walker, Kentridge, & Findlay, 1995) . Further, the background against which saccade targets are presented also affects saccade latencies. Saccade responses have been found to be faster for targets with higher luminance (Doma & Hallett, 1988) , higher contrast (Carpenter, 2004; Ludwig, Gilchrist, & McSorley, 2004; White, Kerzel, & Gegenfurtner, 2006) , and lower spatial frequencies (Ludwig et al., 2004) . Shorter saccade latencies have also been observed for targets in natural backgrounds compared to targets in unstructured, uniform backgrounds even after target visibility had been equalized (White, Stritzke, & Gegenfurtner, 2008) . Thus, display conditions in an experiment may affect saccade latencies.
Eye movements, by their nature, are serial. Given that they reflect the execution of underlying saccade plans, one question is then, how are those plans sequenced? During scene viewing, the average fixation duration is about 330 ms (Rayner, 1998) . After the start of a fixation, it takes about 50-60 ms for visual information to reach the higher cortical areas (McConkie, 1983; Russo, 1978) . At some time before the end of the fixation (i.e. before the execution of the upcoming saccade), a saccade plan is initiated to compute a motor program, which specifies the direction and http://dx.doi.org/10.1016/j.visres.2016.07.009 0042-6989/Ó 2016 Elsevier Ltd. All rights reserved.
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Vision Research 127 (2016) [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] Contents lists available at ScienceDirect Vision Research j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / v i s r e s amplitude of the eye movement. The time taken for this, based on the minimum amount of time to make a completely new eye movement, has been estimated to be around 175-250 ms (Salthouse & Ellis, 1980) . Finally, when the saccade plan is completed, the saccade is executed.
There is evidence suggesting that saccade plans can overlap in time, i.e., a later saccade plan can start while an earlier plan is still being formed (Becker & Jürgens, 1979; Bhutani, Ray, & Murthy, 2012; Caspi, Beutter, & Eckstein, 2004; McPeek & Keller, 2002; McPeek, Skavenski, & Nakayama, 2000; Mokler & Fischer, 1999; Morrison, 1984; Ray, Schall, & Murthy, 2004; Theeuwes, Kramer, Hahn, & Irwin, 1998; Walker & McSorley, 2006) . The two lines of evidence are described below. First, extremely short intervals (<100 ms) have been observed between saccades to two competing targets. These latencies are much shorter than the time typically required to program a completely new eye movement (175-250 ms; Salthouse & Ellis, 1980) . For example, in Becker and Jürgens (1979) , observers were presented a double-step task in which they tracked a target appearing, consecutively, at two different locations on the screen. The target could appear at the second location even before a saccadic movement to the first location, presumably when the observers were still preparing a saccade to the first target. When saccades landed at both target locations, extremely short latencies (<100 ms) were sometimes observed between them. Such intervals have also been observed between an initial, incorrect saccade and a later, corrective saccade in the anti-saccade task (e.g., Mokler & Fischer, 1999; Walker & McSorley, 2006) , and between an initial saccade to a distractor and a subsequent saccade to the target (e.g., McPeek et al., 2000; Theeuwes et al., 1998) . Given that this duration is much shorter than the 175-200 ms typically required to program a completely new eye movement (Salthouse & Ellis, 1980) , this has been interpreted as evidence that the second saccade plan started before the first saccade plan was executed. (Becker & Jürgens, 1979; Findlay, Brown, & Gilchrist, 2001; Findlay & Harris, 1984; McPeek et al., 2000; Morrison, 1984; Murthy et al., 2006; Theeuwes et al., 1998; Walker & McSorley, 2006) . Second, a negative relationship has been observed between the inter-saccadic interval separating a pair of consecutive saccades, and the saccade onset time of the first saccade relative to the presentation of the second target (see Fig. 1 ). If saccades were prepared serially, the plan for the second saccade could only start after the first saccade has been executed (see Fig. 1a ). Therefore, there should not be any dependency between the inter-saccadic interval, and the onset time of the first saccade measured from the presentation of the second saccade target (see Fig. 1b ). Consider the case when saccade plans were allowed to overlap, i.e., the saccade plan to the second target is initiated before the execution of the first saccade. The earlier the second plan gets initiated, the longer the interval from the presentation of the second saccade target until first saccade execution, and the shorter the interval between the onsets of the first and second saccades (see Fig. 1c ). Consequently, there should be a negative relationship between the onset time of the first saccade measured from the presentation of the second target, and inter-saccadic interval between the first and second saccades (see Fig. 1d ). The observation of a negative relationship in previous studies strongly suggests that saccade Fig. 1 . Serial and parallel saccade plan models. Consider targets 1 (green) and 2 (blue). A saccade plan (solid arrow) is initiated after the onset of each target; following the completion of the saccade plan, a saccade (dotted horizontal line) is executed. (a) In a serial model, the saccade plan to the second target could be initiated only after the execution of the saccade plan to the first target, regardless of when the second target was presented. (b) We do not expect a relationship between the inter-saccadic interval (red solid block) and saccade onset time (red unfilled block) if saccades are prepared serially. (c) In a parallel model, the saccade plan to the second target could be initiated before the execution of the saccade plan to the first target. Left: a second saccade plan that was initiated earlier could be executed soon after first saccade execution. Right: a second saccade plan that was initiated later would be executed later after first saccade execution. (d) We expect a negative relationship between the inter-saccadic interval and saccade onset time if saccade plans were allowed to overlap. plans could overlap (e.g., Becker & Jürgens, 1979; McPeek et al., 2000; Murthy et al., 2006) .
A related finding is that if the second plan were initiated early enough before the first plan was executed, the latter plan could be cancelled and the second plan executed instead (Aslin & Shea, 1987; Becker & Jürgens, 1979; Findlay & Harris, 1984; Ludwig, Mildinhall, & Gilchrist, 2007; McPeek et al., 2000; Vergilino & Beauvillain, 2000) . For example, in the Becker & Jürgens study described above, when the first saccadic response latency, measured from the onset of the second target, was short (<80 ms), saccades tended to land at both target locations. But, when the latency was long (>180 ms), saccades tended to land directly on the second target, bypassing the first target entirely. The implication is that for the latter saccades, the plan to the first target was cancelled, and a new plan formed for the second target was subsequently executed.
Neurophysiological data consistent with the successful cancellation of saccade plans have also been reported. In several studies by Hanes and colleagues (Hanes, Patterson, & Schall, 1998; Paré & Hanes, 2003) , monkeys were trained to perform the countermanding task which required the monkeys to execute saccades to targets presented on a screen. When an infrequent stop signal was presented, they had to withhold their saccades. Hanes et al. reported that some neurons in the frontal eye fields and superior colliculus that displayed increased activity just prior to saccade execution, also showed a rapid decrease in activation in response to the stop signal within the time required to cancel a saccade (Hanes et al., 1998; Paré & Hanes, 2003) . Such neural behavior seems to be consistent with saccade preparation activity that was subsequently cancelled.
Computational models that predict saccade latencies in tasks involving two competing saccades (e.g., double-step or antisaccade tasks) attribute a significant role to a stop process that halts the progress of an initial, erroneous saccade plan. Model architectures that included the stop process performed better in predicting saccadic response times than architectures that did not include the stop process (Camalier et al., 2007; Noorani & Carpenter, 2013) . Recent studies have also found plausible neurophysiological evidence of such a stop unit in the subthalamic nucleus (STN) -substantia nigra pars reticulata (SNr) pathway of the basal ganglia. This supports the idea that saccade plans can be cancelled in the visual system.
In general, it is believed that at some point during the development of a saccade plan, the saccade plan becomes irrevocably committed and the saccade will be executed. Studies have proposed that saccade plans develop in two stages: an initial, labile stage during which the plan could still be modified by new visual information, and a later, non-labile stage during which modification is no longer possible (Becker & Jürgens, 1979; Engbert, Longtin, & Kliegl, 2002; Engbert, Nuthmann, Richter, & Kliegl, 2005; Ludwig et al., 2007; Morrison, 1984; Nuthmann, Smith, Engbert, & Henderson, 2010; Reichle, Pollatsek, Fisher, & Rayner, 1998; Salvucci, 2001) . The temporal boundary that separates the labile and non-labile stages, $100 ms before saccade execution, has been referred to as the point of no return (PONR; Engbert et al., 2005; Morrison, 1984; Nuthmann et al., 2010, p. 201; Reichle et al., 1998) or saccadic dead time (Ludwig et al., 2007) . These studies imply that new visual information could modify the upcoming saccadic decision if it is presented early enough, before the PONR.
Current study
There are certain advantages for saccade plans to overlap, and for them to be cancelled during scene viewing. For example, having saccade plans overlap reduces latencies between consecutive saccades. In addition, if saccade plans could be cancelled before they were executed, faster responses to changes in the visual environment could occur. Extant evidence for saccade plan overlap and cancellation have been provided mainly by studies in which viewing is highly-prescribed by experimental demands (Aslin & Shea, 1987; Becker & Jürgens, 1979; Findlay & Harris, 1984; Ludwig et al., 2007) . One example is the double-step task (Becker & Jürgens, 1979) , in which participants executed scanpaths to follow the movement of a target on the screen. Based on these studies, several recent models predicting eye movements in more naturalistic settings have assumed saccade plan overlap and cancellation mechanisms in their computations (e.g., Engbert et al., 2005; Nuthmann et al., 2010; Reichle, Rayner, & Pollatsek, 2003) . Yet, such viewing strategies are not very well-understood under the conditions upon which the models were based (but see Walshe & Nuthmann, 2013 , 2015 Wu et al., 2013) . For example, real-world scene exploration involves the voluntary selection of one out of multiple competing objects for saccade targeting, but the doublestep task only requires participants to saccade to a unique, welldefined target. Differences in eye movements between various tasks have been observed (e.g., Rayner, 1998 Rayner, , 2009 , which raises the possibility that mechanisms underlying saccade plans during scene viewing could be different from those in other tasks. Further, given that saccade latencies could be affected by display conditions in an experiment (e.g., Carpenter, 2004; Ludwig et al., 2004; White et al., 2008) , the double-step task might have encouraged subjects to adopt viewing strategies unique to the paradigm. Thus, in the current study, we asked whether saccade plan overlap and cancellation mechanisms could be extended to the free viewing of scenes.
We tested whether saccade plans could be cancelled, and whether they could overlap during scene viewing in a 2 Â 2 design. Fig. 2 illustrates the four possible hypotheses. First, to test whether saccade plans could be cancelled, we examined whether an image transition presented at different times prior to a saccade could modify the upcoming saccadic decision. We hypothesized that if saccade plans during scene viewing could be cancelled (see Fig. 2a & b) , first saccades would land on an object in the posttransition image when the transition was presented before the point of no return (PONR) of the existing saccade plan, and first saccades would land on an object in the pre-transition image when the transition was presented after the PONR (see Fig. 2e, top) . Alternatively, saccade plans during scene viewing may not be cancelled without first being executed (see Fig. 2c & d) . According to this model, first saccades would land on an object in the pretransition scene regardless of when the transition occurred (see Fig. 2e, bottom) .
To examine whether saccade plans can overlap during scene viewing, we considered the temporal data of saccade pairs following the transition, in which the first saccade landed on a pretransition image object. Following Becker and Jürgens (1979) , we expected to observe a negative relationship between the intersaccadic interval (I) of the pair of saccades, and the onset time of the first saccade (S) if the underlying saccade plans overlapped (see Fig. 2a, top & Fig. 2c ). If saccade plans did not overlap, we would not expect to observe a negative relationship between I and S (see Fig. 2b & top panel of Fig. 2d ).
In the current study however, we were not able to use natural scenes for our investigations as they contain an overabundance of saccade targets that may overlap. As a result, it was not possible to determine whether a given saccade was targeted towards an object in the pre-or post-transition image. Hence, we introduced a novel method to examine saccade plans during free-viewing. In our design, objects were presented at random locations, but critically, object locations in each pair of images never overlapped. During viewing, saccade targets and the scanning order of objects were independently selected by the observer.
Methods

Participants
Students from the National University of Singapore (N = 12, seven females and five males) were recruited for the study. They had a mean and SD age of 22.42 ± 3.00, and all had normal or corrected-to-normal vision. The study was conducted in accordance with the guidelines of the Declaration of Helsinki. Participants provided signed informed consent and were paid for their participation.
Apparatus and environment
Eye-tracking data of the dominant eye was recorded with an EyeLink 1000 system from SR Research Ltd, at a sampling rate of 1000 Hz. Saccades were identified by deviations in eye positions greater than 0.1 degree of visual angle, velocities of at least 30 degree/s, and minimum acceleration of 8000 degree/s 2 . Head movements during the experiment were minimized with the help of chin and forehead rests. Stimuli were presented on a 22-inch LCD monitor (Samsung SyncMaster 2233) with an NVIDIA Quadro FX 3450/4000 SD graphics card, at a viewing distance of 57 cm. The screen subtended 34.7 (horizontal) Â 27.5 (vertical) degrees of visual angle, and all stimuli were scaled to display at the full screen height (resolution: 800 Â 600 pixels). The refresh rate of the display monitor was set to 120 Hz. The experiment was carried out in a dark, windowless room.
Stimuli and procedure
Pictures of objects were downloaded from various online databases (e.g., Flickr and Google Images). Observers were presented two image frames, one after another (see Fig. 3b ). Each image consisted of five objects placed in random locations against a grey background ($43 cd/m 2 ). These objects could occupy any of 8 Â 6 possible locations in the central 32 Â 25 degrees of the screen (see Fig. 3a ). For each pair of images in the same trial, object locations never overlapped. Objects were spaced at least 6.36 degrees apart between images (M = 17.07, SD = 8.15), and at least 9 degrees apart within each image (M = 17.13, SD = 6.79).
Participants were asked to study and encode the objects in preparation for a memory test. To encourage participants to foveate the objects during encoding, each object was resized to $1.5 Â 1.5 degree. Further, parafoveal processing was made virtually impossible by placing each object against a local, highcontrast, white circular background ($70 cd/m 2 ; radius $1 degree) with a black border ($1 cd/m 2 ). The objects in each image were unique and were not repeated in the other trials.
The first image was presented for 4 or 5 fixations ($1 s) before the second image was presented during an eye fixation. The image transition occurred at a random latency between 50 and 150 ms after the start of the fixation. The second image was presented for an additional 4 or 5 fixations before the trial ended. Participants were then given a memory test in which they had to determine whether a test object was old or new. The test object was presented at a size of $5 Â 5 degrees, in the center of the screen. To discourage participants from using color information in the memory task, the test object was presented in grayscale.
Eye movement data was recorded from the start to the end of each trial. Drift correction was performed before the start of each trial. A nine-point calibration and validation procedure was carried out at the beginning of the experiment and after breaks following every 50th trial. Each experimental session lasted about 1 h.
Results
Preprocessing
We analyzed only trials in which the transition occurred during an eye fixation. Trials in which the transition occurred during a saccade (10.7%), and when the transition occurred very close to an eye-blink (1.83%) were excluded. The subsequent analyses were based on the remaining 2317 trials. 
Identifying saccades to objects
As the primary task was a memory task requiring participants to examine fine object details, participants were motivated to make accurate saccades to objects. Previous studies have shown that saccades do not always land precisely on an object's centroid even when the target is well-defined (e.g., Abrams, Meyer, & Kornblum, 1989; Coëffé & O'Regan, 1987; Ottes, Van Gisbergen, & Eggermont, 1984; Weber & Daroff, 1971 , 1972 . For each object, an object viewing area was defined in a way such that all saccades that fell within this area would be considered as being executed towards the object. For each participant, we computed the distribution of distances from a saccade endpoint to the nearest object, for the last three saccades before the transition. Our assumption was that saccades were targeted to the object that was closest to 1 All percentages of trials reported in the subsequent sections were based on 2317 trials, unless otherwise specified. the saccade endpoint. Saccade endpoints that were approximately equidistant to two objects were excluded, as the saccade target would be ambiguous in that situation.
2 To estimate the object viewing area, we selected a distance that included 90% 3 of the saccade endpoints (see Fig. 4 ). The mean and SD radius of the object viewing area across subjects was 3.44 ± 0.38 degrees. For each participant, data for trials in which the first, posttransition saccades landed inside the viewing area of an object from either Image 1 or Image 2 (79.67%) were used to test our models. Trials in which the first saccades landed within the overlapped viewing areas of an Image 1 and an Image 2 object (1.68%), and trials in which the first saccades did not land within any object viewing areas of either image (18.64%) were excluded. Fig. 5 plots the frequency distribution of S, the onset time of the first saccade relative to the image transition. A dip was observed $100 ms after the transition. We labeled saccades with onset time <100 ms as the 'early-onset' saccades, and saccades with onset time >100 ms as the 'late-onset' saccades. The dip in saccade onset time has been linked to the PONR during saccade planning (e.g., Nuthmann et al., 2010; Reingold & Stampe, 1999 . The PONR has been interpreted as a temporal boundary between the labile, and non-labile stages of a saccade plan (Becker & Jürgens, 1979; Engbert et al., 2002 Engbert et al., , 2005 Morrison, 1984; Nuthmann et al., 2010; Reichle et al., 1998 Reichle et al., , 2003 Salvucci, 2001 ). Following previous studies (e.g., Nuthmann et al., 2010; Pannasch & Velichkovsky, 2009; Reingold & Stampe, 1999 , saccade executions prior to the dip (i.e., those defined as early-onset saccades here) were classified as cases unaffected by the image transition, and were taken to reflect cases where the transition occurred after a saccade plan has developed past the PONR. Accordingly, saccade executions after the dip (i.e., late-onset saccades) were interpreted to reflect cases in which the saccade plan had not reached the PONR when the transition occurred.
Early-vs. late-onset saccades
Saccade plan cancellation
We examined the endpoints of the first saccades after the transition. Early, and late-onset saccades were interpreted as cases in which the transition occurred, respectively, after, and before the PONR (e.g., Nuthmann et al., 2010; Reingold & Stampe, 1999) . If saccade plans could not be cancelled, we expected saccades in both groups to land on an object in Image 1 (Hypothesis 1). On the other hand, if saccade plans could be cancelled, we expected early-onset saccades to land on an object in Image 1, but late-onset saccades to land on an object in Image 2 (Hypothesis 2).
In studies on saccade planning using the double-step task (e.g., Becker & Jürgens, 1979) , an amplitude transition function was plotted to illustrate the positions of saccade endpoints as a function of the delay between the second target step and the first saccadic response. They found that first saccades tended to land at the second target location when the delay was long (>100 ms), and at the first target location when the delay was short (<100 ms). Accordingly, we plotted the positions of saccade endpoints relative to object locations in the current study as a function of the first saccade response time relative to the image transition (see Fig. 6a ). In line with the results of Becker and Jürgens (1979) , our results showed that early-onset saccades (<100 ms) landed closer to an Image 1 object, while late-onset saccades (>100 ms) landed closer to an Image 2 object. 2 The criterion for exclusion was that the difference in distances from the saccade endpoint to the two nearest objects is less than 15% of the distance to the nearest object. 3 We have also tried using other values; however, a value of 90% maximized the number of trials in which the first, post-transition saccades landed on a single object from either image, and minimized the number of trials in which saccades landed on none of the objects, or more than one object. Our results, which showed that the late-onset saccades landed directly on an object in Image 2, support the hypothesis that saccade plans during scene viewing could be cancelled if the transition occurred early enough before saccade execution (Hypothesis 2).
Saccade plan overlap
According to Becker and Jürgens (1979) , two types of evidence suggest saccade plans can overlap: (a) when the correlation between the inter-saccadic interval (I), and the latency the first saccade relative to the onset of the second target (S), was negative, and (b) when the second saccade followed the first one after almost no latency. The analysis was conducted on trials in which early-onset saccades landed on an object in Image 1 (40.5%). Fig. 2c ). On the other hand, if saccade plan overlap cannot occur, we expected to observe no correlation between I and S (see Fig. 2b & top panel of Fig. 2d ). Our analysis found a negative correlation between I and S (Pearson's correlation r(938) = À0.28, p < 0.001), which supports the hypothesis that saccade plans can overlap.
Additionally, we observed some pairs of saccades with intersaccadic intervals (I) shorter than 100 ms (n = 36; min I = 34 ms, mean = 74 ms), far shorter than the time required to program a new eye movement (175-250 ms; Salthouse & Ellis, 1980) . Although the proportion of these saccades is small (3.84% of was not directly observable, the relationship between I and S could not be computed.
early-onset trials), they provide ancillary evidence that saccade plans during free viewing can overlap. Taken together, the data from the endpoints of the first, posttransition saccades and saccade latencies support the following hypotheses (a) saccade plans during free viewing can overlap, and (b) a saccade plan can be cancelled if novel information is presented early enough before saccade execution.
First saccades that did not land on any objects
Despite a task encouraging participants to make accurate saccades to objects, 18.64% of first, post-transition saccades landed on an empty location that did not contain any object from either image. Saccade endpoints on blank regions of a scene have been frequently reported (e.g., Becker & Fuchs, 1969; Henderson, 2003; Henson, 1979; Ottes et al., 1984; Weber & Daroff, 1971) . A common pattern is a pair of saccades comprising of an initial, large amplitude hypometric saccade, followed by a shorter, corrective saccade to the target (e.g., Henson, 1979; Kowler & Blaser, 1995; Viviani & Swensson, 1982; Weber & Daroff, 1972) . One reason for this could be that longer amplitude saccades tend to be less accurate in their landing position (Abrams et al., 1989; van Opstal & van Gisbergen, 1989; Viviani & Swensson, 1982; Weber & Daroff, 1971) . Consequently, a subsequent correction to the target is required.
Our data showed that the majority of first, post-transition saccades that landed on an empty location (88.66%) were subsequently followed by a saccade that landed on an object in the post-transition image. Of these saccade pairs, more than half (51.7%) showed inter-saccadic intervals less than 175 ms (M = 149 ms, SD = 19 ms), suggesting that the plan for the later, corrective saccade overlapped the plan for the saccade that landed on an empty location. This suggests that for a substantial number of saccades, a corrective saccade followed when first, posttransition saccades did not land on any object. Further, the plan of the corrective saccade was initiated prior to the execution of the erroneous saccade.
Discussion
Saccade plan cancellation and saccade plan overlap provide certain advantages during scene viewing, yet these mechanisms have only been shown under conditions during which viewing was fairly restricted, such as the double-step task (Becker & Jürgens, 1979) . In this study, we examined whether these saccade planning mechanisms could also be observed during the free viewing of images. We did not use natural scenes in the study because it was not possible to ensure that locations of objects from the pre-transition and post-transition were unique. Without this constraint, it was difficult to resolve whether the saccade target was an object in the pre-transition or the post-transition scene. To overcome this, we introduced a novel design in which objects were presented at random locations, but critically, their locations never overlapped. Consequently, we could infer whether a saccade was planned towards an object in the pre-transition, or a post-transition image. During viewing, observers voluntarily selected targets and the scanning order. Although the images used in the current study were not natural scenes, and were devoid of contextual information governing the spatial and semantic relationships between objects within natural scenes, we believe that they still retained several important properties that would invoke viewing strategies similar to those employed during naturalistic viewing. For example, as participants would have to look at each object in detail to encode it, they would select one among the several objects and then plan a saccade towards it. Furthermore, in the same way subjects were free to move their eyes under naturalistic conditions, our participants were free to select a target from any of the presented objects, and were not coaxed to shift their eyes to any particular object. Finally, the locations and identities of the objects were randomized in each trial, so that they would not be predictable to the participants.
Our study presents new evidence that under conditions of free viewing, saccade plans could overlap in time. First, a negative relationship was observed between the first, post-transition intersaccadic interval, and the onset time of the first, post-transition saccade. Second, extremely short inter-saccadic intervals (<100 ms), much shorter than the typical time required to execute a completely new saccade (175-250 ms; Salthouse & Ellis, 1980) , were observed between the first pair of saccades following the transition in a number of trials (3.84%). The implication of these results is that preparation for the latter saccade would have started prior to the execution of the former saccade.
Following the transition, saccades with short onset times (<100 ms) tended to land on an object in the pre-transition image, while saccades with long onset times (>100 ms) tended to land directly on an object in the post-transition image. The point of no return (PONR; $100 ms in the current study) marks the last point in time of a saccade plan where the upcoming saccade decision could be modified. An implication of our findings is that a saccade plan to an object in the pre-transition image could be cancelled if the transition occurs early enough, i.e., before the PONR, and a new saccade plan could subsequently be made to an object in the post-transition image.
Our assumption is that at the time of the transition, a saccade plan to a pre-transition image object has already been initiated. Previous studies have estimated that the time required to plan a saccade is at least 175 ms (Salthouse & Ellis, 1980) . Thus, for fixations shorter than 175 ms, the plan for the next saccade must have been initiated prior to the start of the current fixation. Given that the majority of fixation durations 5 on Image 1 (71.80%) were shorter than 175 ms, there is a high probability that a saccade plan to an object in the pre-transition image already existed when the transition occurred. Furthermore, the rapid pace of the task would also serve to motivate participants to initiate saccade plans to the next target quickly.
It is unclear what triggers a saccade plan, and eye movement control models vary in terms of how stimulus processing influences the initiation of saccade plans (e.g., Engbert et al., 2005; Henderson, 1992; Morrison, 1984; Nuthmann et al., 2010; Reichle, Pollatsek, & Rayner, 2012; Reichle et al., 2003) . A system that allows for saccade plan overlap and cancellation provides certain advantages during viewing. Overlap allows saccade planning to continue during periods of visual analyses between saccades, thereby reducing latencies between consecutive saccades. Saccade plan cancellation allows for attention to shift quickly to new information without the need to first execute a saccade to obsolete information. In a dynamic environment, both processes work together to support rapid shifts of eye movements, and thus attention, to novel information.
Real-world scene exploration involves selecting one out of the many objects in the visual environment for saccade targeting. The presence of distractors in a visual scene has been found to increase the saccade response times to a target (Buonocore & McIntosh, 2008; McSorley et al., 2012; Ross & Ross, 1980) , and the last point in time at which new information needs to be presented in order to modify the subsequent saccade (i.e., the PONR) occurs earlier for targets within natural scenes than for targets presented against a uniform background (Walshe & Nuthmann, 2015) .
In view of this, we expected saccade latencies and the PONR to be longer with the presence of multiple objects in the current experiment, compared to studies using simpler stimuli, such as the double-step task (Becker & Jürgens, 1979) .
Our results extend the findings of previous studies using simpler stimuli, such as the double-step task (Becker & Jürgens, 1979) . By examining the endpoints of saccades, some studies have shown that saccade preparatory plans to an initial target could be cancelled if novel information was presented early enough (e.g., Aslin & Shea, 1987; Becker & Jürgens, 1979; Findlay & Harris, 1984; Vergilino & Beauvillain, 2000) . Recent neurological studies have also reported neuronal activity that is consistent with the cancellation of saccade plans (Hanes et al., 1998; Paré & Hanes, 2003) , and a stop unit related to cancellation has been proposed to lie in the basal ganglia (Noorani & Carpenter, 2014; Schmidt, Leventhal, Mallet, Chen, & Berke, 2013) . Evidence of overlapping saccade plans has been reported by examining saccade latency distributions (Becker & Jürgens, 1979; McPeek et al., 2000; Murthy et al., 2006) . In addition, studies have reported neurons that respond to stimuli that will only be brought into their receptive fields by a saccade, even before the saccade was executed. These neurons, which respond when a saccade was made to a stimulus inside their response fields, are active even when a saccade was first made to another location, before moving to the stimulus inside the response field (McPeek & Keller, 2002; Murthy, Thompson, & Schall, 2001; Murthy et al., 2006) . Our study showed that saccade plan overlap and cancellation are also possible when making saccadic decisions under free viewing conditions.
Conclusion
During the free viewing of objects in images, saccade plans to targets could overlap in time, i.e., saccade planning to a target could start even while the saccade plan to another target was ongoing. Further, saccade plans could be cancelled if new visual information arrives early enough before saccade execution.
